A simple microbiological method to identify antimicrobial agents in urine is described. Of 1,514 consecutive urine specimens received from general practitioners, 302 (19.94%) contained antimicrobial activity. The antibacterial agent was identified confidently in 284 of these. Surprisingly, 83 (5.48%) urine specimens contained an antimicrobial substance not usually used in the treatment of urinary tract infection.
Several workers (2, 3, 5) have drawn attention to the high percentage of urine specimens received in routine laboratories that are found to contain antimicrobial substances. Fischer (3) noted that the frequency of finding antimicrobial substances in urine specimens was 16.1% and also attempted to identify those substances by showing differential inhibitions of growth of eight bacterial strains by a filter paper strip soaked in test urine. He found that when a urine specimen exhibited inhibitory activity against one or more of the eight strains of bacteria, then the nature of the inhibitor could be identified in 82% of the cases. However, the use of eight indicator strains is not ideal, and some revision in the approach is necessary because of the differences in patterns of antibiotic prescribing. We have simplified Fischer's method by attempting to identify only orally absorbed antimicrobial agents in urine specimens received from the patients of general practitioners in this area. We have not attempted to identify substances apart from antibacterial agents and have assumed that other inhibitory substances (1, 4) will not interfere to any extent with the results.
An identification procedure for urinary antimicrobial substances was developed to enable the laboratory to provide a satisfactory explanation for the presence of pyuria without bacterial growth and to inform the general practitioner of therapy, often initiated by the patient herself from remnants of previous courses. This is relevant to the occurrence of possible side effects and the diagnosis of symptoms and signs referable to the urinary tract or other systems. We designed the test so that similar antibiotics such as ampicillin and amoxicillin or trimethoprim and co-trimoxazole can be identified. The sulfonamide component of co-trimoxazole is particularly likely to be associated with side effects.
MATERIALS AND METHODS
All urine specimens received from general practice patients in the Leeds area between October 1983 and April 1984 were screened for the presence of antimicrobial substances in the following way.
Each half of a petri dish containing Oxoid Isosensitest agar (no. CM471) were inoculated with Escherichia coli (NCTC 10418) and an unclassified Micrococcus sp. Detailed susceptibilities of the two organisms used in the screening test are shown in Table 1 . These two organisms were also used in the identification test. The density of the inoculum was adjusted to give semiconfluent growth after 18 h of incubation. Wells (7 mm in diameter) of sufficient volume to * Corresponding author.
hold 100 RI of urine were punched at the interface of the inocula, and after overnight incubation, the cultures were examined for zones of inhibition of growth. The nature of the antibacterial substances so detected was elucidated in a subsequent test.
Identification test. Six wells (5 mm in diameter) of sufficient volume to hold 50 ,ul of urine each were punched on a petri dish of Isosensitest agar (see Fig. 1 ), and six strains of bacteria selected to provide characteristic inhibitory patterns for different antibiotics were inoculated onto the agar (Fig. 1) . Each well on the agar plate was inoculated with 50 ,u1 of test urine, and the plates were incubated overnight. As we selected organisms for the test, we checked the stability of the sensitivity patterns through serial subculture, because stability of the sensitivity pattern was considered an essential feature of any organism to be used in the identification test. The organisms used were obtained from recent clinical material, apart from E. coli NCTC 10418, which was chosen because of its sensitivity to all of the oral antimicrobial agents commonly used to treat urinary tract infections. All six organisms were stored on Oxoid Isosensitest agar plates at 4°C and were subcultured at weekly intervals. The inoculum used for the identification test gave semiconfluent growth after 18 h of incubation at 37°C and was applied by using a sterile cotton swab. The characteristics of the organisms used in the identification test are shown in Fig. 1 .
Interpretation of results. The relative sizes of inhibition zones were interpreted to give a presumptive identification by direct comparison with photographs of control plates (Fig. 2) . The latter had been inoculated with pooled urine containing antibiotics in typical therapeutic concentrations.
Limitations of the test. (i) Sensitivity. Trimethoprim or co-trimoxazole are the most commonly prescribed antimicrobial agents used in the treatment of urinary tract infection in this area-accounting for 60% of the detectable antimicrobial agents. Trimethoprim gives a recognizable pattern of inhibition zones at urinary concentrations close to the lowest urinary concentrations detectable in the screening test.
When sulfonamide alone was present in a urine specimen, the patterns of inhibition zones were not clear with urinary concentrations of total sulfonamide of 100 to <300 ,ug/ml (measured by a colorimetric method [6] a R, MIC of >64 pg/ml.
at very low concentrations, because of the high susceptibility of the Micrococcus sp. to penicillin (MIC, 0.02 jig/ml).
Where ampicillin was present at concentrations of less than 100 ,ug/ml in urine, it was difficult to separate ampicillin itself from amoxicillin. However, above this concentration, as usually occurred, ampicillin or amoxicillin could be identified.
(ii) Specificity. We assessed the accuracy of the test to identify antimicrobial substances by comparing our inferences with the antimicrobial therapy identified on the request form, or by telephoning general practice surgeries when no antimicrobial agent was mentioned on the form (see Table 3 ).
Co-trimoxazole could be distinguished from trimethoprim as long as the sulfonamide component was present at a concentration of 100 ,ug/ml. Where there was doubt about whether trimethoprim or co-trimoxazole was present, then the result was best documented as a pattern of inhibition zones compatible with the presence of trimethoprim.
Rarely was there difficulty in identifying the antimicrobial substance, and in most cases the identification was considered to be correct if two independent observers concurred in their interpretation of the pattern of inhibition zones.
RESULTS AND DISCUSSION
Of the 1,514 urine specimens examined, 302 (19.94%) contained antimicrobial substances (Table 3) , and of those, 284 (94%) gave a pattern of inhibition zones typical of a known antibiotic. This result compared favorably with the figure quoted by Fisher; he reported that 82% of the inhibitors gave a recognizable inhibition pattern (3). Table 2 Ampicillin, 250 jig/ml; (B) trimethoprim, 125 ,ug/ml; (C) cephradine, 126 ,ug/ml; (D) tetracycline, 125 ,.g/ml; (E) nalidixic acid, 125 ,ug/ml. agent detectable at all after addition to urine, and the concentrations required for accurate identification to be made after addition of antimicrobial agents to pooled urine.
Limiting the objective to the identification of orally absorbed agents simplified the development of an antimicrobial identification system considerably, although the selection of organisms and method of defining inhibition zones required great care. No clear pattern of inhibition zones was seen in 18 (6%) of the specimens that gave a positive screening test. The most common reason for this was the presence of antimicrobial agent at too low a concentration. This problem was particularly noted with sulfonamide (see above) but also may have resulted from the presence of sulfonamide antagonists such as para-amino benzoic acid or thymidine, which may be present in purulent urine. Other reasons for failure to obtain a clear pattern of inhibition zones included the presence of more than one antimicrobial agent in the urine VOL. 21, 1985 743 specimen or the antimicrobial effect mediated by another substance, e.g., hippuric or boric acid.
During the first 2 months of the survey, the pHs of all urine specimens were measured by a dipstick method. There was no correlation noted between the difficulty in identifying any particular antimicrobial agent and the pH of the urine, although erythromycin was noted to give reduced zones in acid urine. After storage at 4°C, little loss of antimicrobial activity in the urine specimens was seen, although penicillins (particularly ampicillin) are known to break down spontaneously in aqueous solution. ,B-Lactamase-producing organisms may also be present in the urine, and it would therefore seem advisable to perform the test on fresh urine samples.
This method can be set up by inexperienced laboratory personnel, and different individuals gave identical interpretations of the patterns of inhibition zones. The plates can be preseeded with the appropriate organisms at the beginning of dThe sulfonamide component must be present at 100 ,g/ml for cotrimoxazole to be distinguished from trimethoprim. the week and then stored at 4°C to be used as required thereafter. The method is neither time consuming nor expensive, requiring only one agar plate for each urine specimen tested.
We have found this method to be sufficiently sensitive for routine laboratory problems and intend to use the method to follow the impact of a limited antibiotic susceptibility reporting policy on the prescribing habits of general practitioners in the Leeds area.
